CT-AFM is performed with a conducting diamond coated probe, which serves two functions. i) Currents are mapped between the FTO back electrode and the rastering probe apex, with or without illumination.
1. For such I sc images, the tip is biased at ground (short circuit current is collected). Planar defects are observed throughout the sample, at various inclinations and rotation angles with respect to the surface normal (up) . Some grains conduct photocurrent, while other grains do not, distributed heterogeneously throughout the film thickness. Figure   1 ). There is no significant change in photocurrent for this 25% shift in applied load. (b) According to simultaneous measurements of the AFM probe deflection (shown), the downforce varies by < 15% when scanning across geometric asperities. Comparatively, no significant variation in current is thus expected due to such force variations that are unavoidable during AFM imaging. 
Supplementary Note 4
Several supplementary experiments were conducted with both Cadmium Chloride treated and untreated photovoltaics. All samples without treatment exhibited minimal photocurrents. Somewhat counterintuitively, tomographic experiments and corresponding cross-sections for untreated samples revealed a steady increase in measured current into the depth. This indicates a decreasing effective shunt resistance through the thickness of the film, which essentially scales with the (diminishing) resistive path length to the back electrode. If a large potential bias was applied between the sample and the tip, we observed enhanced photoconduction, which is well known for Cadmium Telluride. In both samples with and without treatment, if a large negative bias was applied to the substrate, grains with low shunt resistance conducted more current. Supplementary Note 5 Solar cell researchers are accustomed to solar field environments, where the aspect ratio of spot size versus heat sink is high, and hence considerable increases in temperature may occur for experiments with intensities much greater than 1 sun. For CT-AFM experiments, however, only small amounts of power are required because the spot size is small relative to the heat sink. An experimental and theoretical treatment of thermal effects in these conditions follows for Supplementary Figure 11 . Ultimately, the amount of energy absorbed by the film is 0.15 mW when imaging with 15 suns of illumination for the exposed diameter of 100 um, small compared to the available heat bath and heat conduction. This is predicted, and observed, to cause a temperature increase of only a few degrees Celsius. Such minor heating is not sufficient to cause chemical and structural changes in CdTe, which are usually only observed at long term exposures above 80 degrees Celsius. Furthermore, it is noteworthy that the TEM data presented for Supporting Figure 6 , which followed CT-AFM, did not indicate any specimen or surface modifications compared to sample regions not exposed to 15 suns of illumination.
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SUPPLEMENTARY INFORMATION
It is also illustrative to consider CT-AFM conditions scaled to more intuitive dimensions and energies. For example, if the experiment is scaled to a 1mm spot size with constant light intensity, the power provided is equivalent to a 15 mW laser pointer (i.e. <1 order of magnitude more powerful than an off-the shelf laser pointer for general classroom use).
